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Preface
Special issue: Computational Harmonic Analysis, Part I
In providing a valuable link among engineers, scientists, and mathematicians with a common interest in the applied
and computational aspects of harmonic analysis, this interdisciplinary journal also plays a key role in facilitating inter-
actions among researchers who work on similar problem areas. To enhance this important mission and to encourage
active participation by new comers, particularly students and young researchers, a tri-annual international conference
on computational harmonic analysis was initiated in 2001, with the second meeting held at Vanderbilt University in
May 2004.
This special issue on computational harmonic analysis (SICHA) is an outgrowth of the Vanderbilt Conference
organized by the guest editors of the special issue. It is not intended to be the proceedings of the conference, but rather
to provide the participants an opportunity to submit their research papers, directly or indirectly related to the lectures
delivered at the conference, to the journal. All papers published in SICHA have been reviewed under the same journal
guideline and policy.
This issue is the first of three parts of SICHA. It consists of six papers, ranging from purely theoretical study to
specific applications in the areas of learning theory, image analysis, and computer-aided geometric design (CAGD).
One of the most important application areas of computational mathematics is analysis, synthesis, and manipulation
of discrete data. For example, the Shannon theorem provides an essential means for reproducing a continuous-time
band-limited signal from its discrete samples by interpolation. The paper by Smale and Zhou can be considered as an
extension of the Shannon theory to allow the interpolation of noisy data as well as its application to the advancement
of the theory of learning and beyond. As a continuation of their paper published in the 2004 Bulletin of the American
Mathematical Society, the Smale and Zhou paper provides a unified approach to the study of function reconstruction
in Shannon sampling theory and data regression in learning theory. In particular, the error analysis introduced in
their Bulletin paper is improved, and a more complete general theory, based on integral operators and probability
estimations, is developed.
An efficient approach to represent, render, edit, and visualize three-dimensional surface geometry from discrete
data samples is interpolating surface subdivisions in CAGD. Curve and surface subdivisions are iterative schemes
of taking weighted averages based on certain subdivision templates of weights. In the paper by Chui and Jiang, the
approach of using matrix-valued weights for the interpolating subdivision templates is introduced, with derivation of
an explicit criterion on the matrix structure for discrete data interpolation. The subdivision templates are derived by
constructing vector-valued refinable (or two-scale) compactly supported bivariate functions with desirable order of
smoothness and polynomial reproduction. Dilation matrices that give square-root 2 and square-root 3 subdivisions
are considered and twice continuously differentiable refinable bivariate spline vectors are constructed to illustrate the
practicality of this new approach.
Another important application area of discrete data interpolation and manipulation is digital image analysis and
processing. In particular, image inpainting requires the development of interpolation algorithms for filling in holes
or replacing corrupted image pixels in digital images. The paper by Elad, Starck, Querre, and Donoho describes a
novel inpainting algorithm capable of filling holes in overlapping texture and cartoon image layers. Their algorithm
is an extension of the morphological component analysis (MCA) method, introduced and studied by three of the
four authors in their two earlier papers for image decomposition and redundant multi-scale analysis, to manipulate
missing pixels to fit naturally into the separation framework in order to produce separate layers as a by-product of1063-5203/$ – see front matter  2005 Elsevier Inc. All rights reserved.
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hole-filling, and de-noising.
Iterative algorithms for solving linear systems are often needed for discrete data processing. Such algorithms could
be designed for optimal convergence rate, based on the matrix structure. For example, matrices resulting from dis-
crete wavelet transforms have a special “shadow” block structure. The paper by Lu, Shen, and Xu proposes certain
shadow block iterative schemes for solving such linear systems and demonstrates the efficiency of their strategies by
considering three applications: the image de-blurring problem by applying the classical regularization method with a
single parameter, the same de-blurring problem by applying multi-level regularization with multiple parameters, and
the Galerkin methods for solving two-point boundary value problems.
Constructions of efficient algorithms for specific applications depend directly or indirectly on theoretical develop-
ment. Tight affine frames are extensions of orthonormal wavelets, with associated algorithms that have great impact
to many application areas. The paper by Bakic, Krishtal, and Wilson is an extensive study of multivariate tight affine
frames and bi-frames generated by dilation matrices with integer entries having magnitude of their determinants equal
to 2. Results on characterization, illustrative examples, and a method of extension for constructing all tight and bi-
frames from (generalized) multiresolution (low-pass) filters, among other investigations, are described in some depth.
The remaining contribution of this first part of the SICHA is a letter to the editor by Walter and Soleski on the com-
putational aspect of prolate spheroidal wave functions. A new method for computing values of these wave functions is
described, with preliminary computation of exact values at the integers, followed by an application of some sampling
theorem to recover the other values.
We thank the authors of these papers for submitting their work for publication in this SICHA, and the referees for
their conscientious reviews that help maintain the high quality of this journal.
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